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Trisethylene-Imino-s-Triazine (Triethylene Melamine or TEM)
in the Treatment of Neoplastic Diseases

MicHAEL B. SHIMKIN, M.D., Howarp R. BiermaNn, M.D., Kerta H. KeLLy, M.D.,
EL1zapeTH LoweNHAUPT, M.D., ARTHUR FURsT, Ph.D., San Francisco

SUMMARY

Trisethylene-imino -s-triazine (triethylene
melamine or TEM) produced minimal effects
in inbibiting transplantable lymphoma and
mammary adenocarcinoma in mice. In strain
A mice, injection of the compound induced
pulmonary tumors.

TEM was tried on 32 patients with neo-
plastic disease, including nine patients with
Hodgkin’s disease and five with lymphosar-
coma and lymphatic leukemia. The therapeu-
tic and toxic effects were similar to those
observed with nitrogen mustard (HN2). Sat-
isfactory remissions of up to three months
were observed in Hodgkin'’s disease and
lymphosarcoma following parenteral admin-
istration of TEM. It is the authors’ impres-
sion that the remissions obtained with TEM
were not as complete and did not last as long
as those obtained with HN?2.

TEM is effective by the oral route as well
as parenterally, and produces much less
emetic reaction than HN2. On the other
band, the chemotherapeutic range is nar-
rower than that of HN2, Patients who do not
respond to HN2 show no response to TEM.

TEM is a drug of some clinical usefulness
in the same conditions and with the same
general limitations and toxic effects as HN2.
The ease of administration of TEM increases
its bazards, and close clinical and hemato-
logic observations are essential on patients
receiving the agent.

THE discovery that certain nitrogen mustard
compounds have ameliorative effects in Hodg-
kin’s disease and related lymphomas* has led to the
synthesis and biologic testing of a wide spectrum of
related chemicals for their tumor-inhibiting proper-
ties. The investigations thus far have not uncovered
agents which by clinical standards are clearly supe-
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Chart 1.—Chemical structures of TEM.
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rior to methyl-bis (B-chloroethyl) amine (HN2) or
methyl-tris (B-chloroethyl) amine (HN3). These
powerful vesicants must be given directly into the
blood stream, and they produce severe nausea and
vomiting as well as occasional phlebothrombosis.

A number of compounds related to the nitrogen
mustards have been devised recently in England” 9
and the United States® ¢ which appear to have ef-
fects similar to the nitrogen mustards but which
have less emetic reaction and are effective when ad-
ministered by the oral route. Among these com-
pounds (Chart 1) is trisethylene-imino-s-triazine.

The present report deals with the laboratory and
clinical investigations of trisethylene-imino-s-tria-
zine.* This compound is more familiarly known as
triethylene melamine or TEM, as it will be referred
to hereinafter.

ANIMAL STUDIES

Toxic effects. Mice of strains A and C3H, three
months old and weighing approximately 25 gm.,
tolerated doses of 0.04 mg. of TEM dissolved in wa-
ter or saline solution and injected intraperitoneally
or intravenously. Approximately half of the group
of animals died within five days following doses of
0.1 mg. There was a precipitous drop in the number
of circulating leukocytes, and a moderate drop in
the number of platelets within four days following

*The compound was made available for this study in
November 1949 by Dr. Frank L. Rose of the Imperial Chem-
ical Industries, Manchester, England. Dr. M. L. Crossley of
the American Cyanamide Company supplied tablets of the
material for oral use.
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the administration of 0.1 mg. In histological exam-
ination of the tissues of the mice, the following phe-
nomena were observed: Vascular engorgement of
the viscera, disappearance of lymphocytes with
atrophy of Malpighian corpuscles in the spleen, loss
of cells from the follicles of lymph nodes, pro-
nounced decrease in the cellular elements of both
series in the bone marrow, and necrosis of the ger-
minal epithelium of the testes.

Effect on tumors. The effects of TEM on tumor
growth were investigated in strain A mice implanted
with a transplantable lymphoma, and in strain C3H
mice bearing a transplanted mammary adenocarci-
noma. The animals were given 11 daily intraperi-
toneal injections of 0.0025 or 0.005 mg. of TEM
dissolved in water, for a total dose of 0.0325 mg.
Six mice were sacrificed at 12 days and the weights
of the tumors and of the carcasses were compared
with those of six untreated animals. The lymphomas
in mice treated with TEM weighed an average of
145 gm. (0.9 gm. to 2.1 gm.), whereas the un-
treated tumors weighed 3.2 gm. (2.7 gm. to 4.6
gm.). The effect on mammary tumors was much less
pronounced; the tumors of the treated animals
weighed 2.5 gm. on the average, whereas the un-
treated tumors weighed 2.9 gm. The total body
weight of the animals was not affected.

The experiment was repeated with ten mice in the
treated and untreated groups of each strain. The
strain A mice with the lymphoma treated with TEM
lived for an average of 36 days (29 to 38) whereas
the controls died at an average of 33 days (29 to
37); the tumor obviously grew rapidly after the
conclusion of the treatment. The strain C3H mice
with mammary tumors treated with TEM lived an
average of 31 days (22 to 51) whereas the untreated
controls survived for 23 days (12 to 35). In all
animals there was progressive growth of the neo-
plasm even while under active treatment with TEM,
and all the animals died of the neoplastic growth.

Reported effects on other transplantable lympho-
mas, sarcomas and carcinomas in the mouse?: ¢ and
on the Walker rat carcinoma® indicate more pro-
nounced inhibition of tumor growth than was elic-
ited in the present investigation.

Carcinogenic effect. It has been pointed out!! that
many chemical agents which have inhibitory effects
on tumor growth also have carcinogenic properties.
The nitrogen mustards, for example, induce pul-
monary tumors in mice.5

TEM was administered intravenously to 20 strain
A mice two months of age. The initial dose of 0.05
mg. in 0.1 cc. of saline solution was followed by two
doses of 0.025 mg. at monthly intervals, for a total
dose of 0.1 mg. Six additional mice received single
intraperitoneal injections of 0.05 mg. Fifteen mice
were maintained as untreated controls. The mice
were sacrificed 18 weeks following the initial injec-
tion, and the lungs were examined for the presence
of pulmonary tumors.

Of the 15 untreated controls, two had solitary pul-
monary tumors. This incidence coincides with the
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10 to 15 per cent incidence of spontaneous pulmo-
nary tumors in strain A mice six to seven months
of age.10

The six mice that received 0.05 mg. of TEM in-
traperitoneally had 2, 3, 0, 2, 1, and 0 pulmonary
tumors, respectively, or an average of 1.3 tumors
per animal. The 20 mice injected with 0.1 mg. intra-
venously had an average of 2.1 pulmonary tumors
per animal; four mice had no tumors, four had
single tumors, eight had two to three tumors, and
four had four to six nodules in the lungs. v

Four C3H male mice injected subcutaneously or
intraperitoneally with 0.05 mg. of TEM were killed
one year later. No tumors at the site of injection
were found, but two mice had one and two pulmo-
nary tumors, respectively.

It is concluded that TEM is carcinogenic for the
pulmonary tissue of mice, and that its carcinogenic
potency is of the same order as found for HN2 by
Heston.?

CLINICAL STUDIES

Since February 1950, 32 patients with advanced
neoplastic disease have received 60 therapeutic
courses of TEM. Of the patients, 30 were treated at
the Laboratory and two at Letterman Army Hos-
pital.* The diagnoses in all cases were based on
microscopic examination of at least one relevant
biopsy specimen.

TEM is a white powder that is immediately sol-
uble in water or in saline solution. Occasional sam-
ples of TEM contain granules or flakes which do not
dissolve, indicating that polymerization has occurred
and that the material should not be used. The com-
pound is relatively stable in solution, and can be
used for at least 24 hours if maintained in the re-
frigerator. For intravenous or intramuscular injec-
tion TEM is dissolved in sterile physiological saline,
in concentrations of 1 or 2 mg. per cc.

For oral use, tablets of 5 mg. in a bland binder
were employed. These were given with water, usu-
ally a half-hour before the noon meal.

Information regarding the patients and the treat-
ment with TEM is given in Tables 1 and 2. There
was no difference in toxic or therapeutic effects when
the agent was given intramuscularly or intra-
venously, nor when the total dose was given in a
single injection or in daily injections for three to
seven days. The therapeutic dose or single course of
TEM, if given intravenously or intramuscularly, is
approximately 0.15 mg. per kilogram of body weight
and should not exceed 0.25 mg. per kilogram of
body weight. The agent should not be readminis-
tered until the hematologic status of the patient has
returned to normal, which usually occurs within
four to five weeks.

One patient (Case 19) with disseminated epider-
moid carcinoma, primary in the nasopharynx, was
injected intravenously with 0.5 mg. per kilogram of
body weight and died on the 14th day showing
hemorrhagic diathesis associated with pancytopenia.

*The staff of Letterman Army Hospital granted permis-
sion to use records on these two patients.
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With oral medication, daily doses of 5 to 10 mg.
for a total of 0.4 mg. per kilogram of body weight
appear to be the safe upper limit for a single course
of treatment. One patient (Case 4) with Hodgkin’s
disease received 0.9 mg. per kilogram of body
weight during a course of two weeks, and hemor-
rhagic diathesis with petechiae, thrombopenia, se-
vere leukopenia, and anemia developed. Repeated
transfusions of whole blood, antibiotics, and other
supportive measures were required.

Patients with lymphocytic leukemia appear to be
extremely sensitive to TEM, and an initial paren-
teral dose of 0.05 mg. per kilogram of body weight,
or 5 mg. orally, should not be exceeded until the
effects of these lower doses are well established on
the individual patient.

PHARMACOLOGIC EFFECTS

Immediate effects. In three cases study was made
of electrocardiographic tracings, blood pressure,
pulse and respirations during and for several hours
following the intravenous administration of 0.1 mg.
per kilogram of body weight. There were no sig-
nificant changes. There were no general or local
reactions to the agent within the first hour with any
of the three routes of administration employed.

Local effects. In all but one patient, no serious
local reactions occurred at the site of intravenous
or intramuscular injection. Approximately one-third
of the patients complained of some soreness at the
site of intramuscular injection. In one patient (Case
15) with myelocytic leukemia, pronounced indura-
tion and inflammation occurred in the sites of intra-
muscular injection, and intravenous injection pro-
duced tenderness and redness along the course of
the vein.

Gastrointestinal effects. Patients receiving over
0.2 of TEM per kilogram of body weight by intra-
muscular or intravenous routes experienced nausea
for two to four days after completion of the course.
Approximately one-third of these patients had one
to four episodes of vomiting. The reaction was much
less pronounced than that with HN2, and was usu-
ally delayed for four to six hours, as compared with
the reaction to HN2, which usually occurs within an
hour. With parenteral doses of 0.05 mg. per kilo-
gram of body weight, or by oral route of adminis-
tration, only mild nausea was encountered, unless
the agent in a concentrated solution was injected
rapidly into the vein. Diarrhea following treatment
with TEM was noted in two patients receiving large
doses of the agent.

Severe frontal headache, observed occasionally
following HN2, was not observed in the 32 patients
of this series treated with TEM.

Hematologic effects. The chief toxic effect of TEM
is on the hematopoietic system. This effect is in
every way comparable to the effects observed with
HN2. Chart 2 illustrates the characteristic altera-
tions observed on the peripheral blood picture of a
patiént with a bronchogenic carcinoma who received
a dose of 0.25 mg. per kilogram of body weight.
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Chart 2.—Characteristic effect of TEM on the cell count
in peripheral blood. The patient with bronchogenic carci-
noma (Case 21) received an intravenous course of 0.25 mg.
per kilogram of body weight.
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Within ten days there was a rapid decrease in the
leukocyte and the platelet count, and a slower de-
crease in the erythrocyte count and hemoglobin
value. In bone marrow aspirations at this time pro-
nounced diminution in hematopoiesis, both of the
white and red cell elements, was noted. Recovery
from this depression began approximately three
weeks after the drug was given.

With oral administrations, the hematologic de-
pression was somewhat slower, particularly if the
drug was administered at intervals of two or three
days. The nadir of the leukocyte depression was
usually observed in approximately two weeks and
the count returned to normal within six weeks.

Other effects. In study of clinical and laboratory
determinations before treatment with TEM and for
as long as three months following treatment, no
other major toxic effects that could be attributed to
TEM were noted. In repeated examinations of the
urine no significant changes were observed. Liver
function, as measured by blood bilirubin, thymol
turbidity, bromsulfalein retention, and cholesterol
fractions, was not definitely changed. In one patient
with Hodgkin’s disease with jaundice, icterus was
reduced following TEM therapy. Serum non-protein
nitrogen, serum proteins, sodium, potassium and
chloride were determined before and after treat-
ment. There was no change in these factors. The
uric acid level of the blood may be elevated for
approximately one week following large doses of

TEM.
THERAPEUTIC EFFECTS

Hodgkin’s disease. All nine patients with Hodg-
kin’s disease who were given TEM experienced defi-
nite subjective improvement within a few days. This
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subjective improvement was manifested by a feeling
of well-being, greater optimism, and increased ap-
petite as soon as the transient nausea and anorexia
abated. The duration of the subjective improvement
was from a few days to three months.

Three patients who had not been treated with
x-ray or HN2 previously had almost complete re-
gression of peripheral lymph node enlargement. It
is the authors’ impression that the regression was
somewhat slower than that observed following HN2.
The diminution in size became apparent at three to
seven days after completion of the course of TEM.
With oral administration of TEM, regression usu-
ally commenced within a week. Although the data
are insufficient for definite conclusions, it is the
authors’ impression that the remissions obtained in
Hodgkin’s disease with TEM were not as complete
and did not last as long as those observed following
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treatment with HN2 in single doses of 0.3 to 0.5
mg. per kilogram of body weight.2

Two patients had previously received x-ray ther-
apy but no nitrogen mustard. In both, remissions of
one month were obtained with TEM.

Four patients had previously received both x-ray
and HN2. Of these, two patients (Cases 2 and 5)
were still responding to HN2, and also responded to
courses of TEM with satisfactory remissions of two
and one months, respectively. The remaining three
patients (Cases 5, 6 and 9) did not respond to HN2
therapy, and also had no objective improvement
following TEM. It is concluded that little or no
benefit is to be anticipated in Hodgkin’s disease
from the use of TEM if HN2 is ineffective. Probably
the obverse is true also: One patient continued to

have undulating fever despite repeated courses of
TEM, and was given a course of HN2. No dif-

Chart 3.—Clinical and hematologic course of a patient with Hodgkin’s disease (Case 1) receiving TEM and HN2.
There was no effect upon the undulating fever, although the enlarged cervical lymph nodes were considerably reduced

in size and there was subjective improvement.
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* IM—Intramuscular; IV—Intravenous; O—Oral.
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TaBLE 1.—TEM in the Treatment of Patients with Hodgkin’s Disease and Other Lymphomas
Sex Dul;)aftnon —— TEM The;apy—ﬁ Leageh of
Case and Disease Prior Therapy  General Schedulet Dose (mg. per kg. of Remission  Qutcome Following
No. Age (months) X-ray 2 Condition Route* Admin./Days (mg.) Body Weight) Effect ( months) Last TEM Therapy
HODGKIN’S DISEASE
1. M3l 54 — — Fair IM /1 8.5 0.15 Good 1
55 Fair v 2/14 6 0.10 Good 1
57 Fair 0 9/90 60 ... Fair 2 Living—4- months
2. M23 60 + + Fair v 1/1 10 0.16 Good 2
62 Good v 1/1 10 0.16 Good 1 Living—3 months
3. F23 10 — — Good (0] 2/2 20 0.4 Good 1
13 Good 0 4/4 20 0.4 Good 2
14 Good 0 4/4 20 0.4 Good 2
15 Good 0 2/8 10 -0.2 Good 1 Living—2 months
4. M68 12 — — Good v 5/5 16.5 0.26 Good 3
15 Good (0} -3/3 15 0.25 Good 1
16 Good 0 4/4 20 0.33 Good 1
17 Good 0 7/14 55 0.9 Toxic . Living—5 months
5. M33 36 + + Fair v 2/8 9 0.15 Fair 1
37 Fair -0 1/1 10 0.16 None -
37.5 Poor v 1/1 10 0.16 Poor . Died—1 month
6. F29 17 + + Poor v 3/3 6 0.13 Fair 0.5
17.5 Poor 0 1/1 10 0.22 None . Died—1 month
7. M28 12 + — Fair v 3/3 15 0.15 Good 1.0
13 Fair v 3/3 75 0.15 Fair 0.5 Died—2 months
‘8. M26 4 — - Fair v 3/3 81 0.15 Good 0.5 Living—1 month
9. F271 24 + + Poor IM 3/3 5.6 0.15 None Died—1 month
LYMPHOSARCOMA
10. M39 5 — — Fair M /1 70 0.10 Good 9
5.5 Fair M 5/5 10.0 0.14 Good
75 Fair 0 2/2 10.0 0.14 Fair 0.5 Died—1 month
11. M32 25 + + Poor M /7 4.9 0.10 Fair 0.5 )
26 Poor IM 4/4 6.4 0.12 Poor - Died—2 months
12. M55 6 — — Good (0] 1/1 5 0.08 Good 1
8 Good v 2/3 2 0.03 Good 1
85 Good 0 1/1 5 0.08 Fair 0.5
9.5 Good (0] 1/1 5 0.08 Fair 1 Living—1 month
LYMPHOCYTIC LEUKEMIA
3. F67 8 — — Good IM  3/3 35 005  Good 3
55 Good M 2/3 15 0.02 Good 2
57 Good (0] 1/1 5.0 0.07 Fair 1+  Living—1 month
4 FS5 4 — — Fair IM 11 05 003  Fair 1
5 Fair 0 1/1 20 0.13 Fair 0.5
6 Poor 0 1/1 20 0.15 Poor - Died—l‘ month
MYELOCYTIC LEUKEMIA
15 M38 18 — — Fair IM  5/5 54 0.1 None
18 Fair v 2/2 2.8 0.05 None Living—9 months
16. F 63 140 + — Fair (8] 2/4 10 0.13 None
o142 Fair 0 5/30 30 0.4 None Living—S5 months
MYCOSIS FUNGOIDES
17. M58 170 + +v Poor IM 5/5 14.0 0.24 None Died—1.5 moﬂths
18. M70 24 + + Fair IM /7 6.8 0.10 None
26 Fair M /7 10.0 0.24 None Died—10 months *

+ The figures indicate the number of doses and the span of time over which they were given. Example: 7/7 means

seven doses in seven days.
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ference in effect in,controlling the disease was noted
(Chart 3).

Objective evidence of improvement following
TEM therapy was judged by the effect upon lymph
nodes, spleen, fever, and pruritus. Lymph node en-
largement was reduced considerably in four pa-
tients, and moderately in two. It was not affected in
two patients in whom previous HN2 therapy had
also been ineffective, and one patient had no pal-
pable lymph nodes. Splenomegaly was present in
two patients. In one, the spleen was reduced in size,
becoming no longer palpable. In the other patient,
no longer responding to HN2, no effect was ob-
served. Five of nine patients (Cases 1, 2, 3, 7 and 8)
gained weight, up to 5 kg., during the month fol-
lowing TEM treatment. The one patient in good
condition who did not gain weight (Case 4) re-
ceived excessive doses which resulted in anorexia
and pronounced bone marrow depression.

Three patients (Cases 1, 2 and 5) had fever as
part of the course of the disease. TEM had no effect
upon the febrile course in two patients, but did pro-
duce a remission of one month in the febrile course
of one patient. Three patients had pruritus. In two,
the pruritus was controlled, with complete relief for
approximately two weeks. In one patient (Case 5),
no longer responding favorably to either x-ray or
HNZ2, the pruritus was not affected.

Lymphosarcoma and lymphocytic leukemia. Three
patients with lymphosarcoma were treated ‘with
TEM. One patient (Case 11) in poor condition had
slight reduction in the size of cervical, abdominal
and thoracic masses, lasting for about two weeks,
with subjective improvement and a weight gain of
2 kg. One patient (Case 10) with a rapidly pro-
gressing lymphoblastoma, had good remission for
two months following two parenteral courses of
- TEM. The third course, given orally, produced
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much less effect. The third patient (Case 12) had
lymphosarcoma involving the cervical, axillary and
inguinal lymph nodes. In this case the bone marrow
cell count was 90 per cent lymphocytes. One oral
administration of 5 mg. of TEM produced pro-
nounced regression in lymph node enlargement and
a decrease in the number of lymphocytes in the
bone marrow to 20 per cent. Satisfactory improve-
ment was achieved with a second intravenous course.

The hematologic course of one patient (Case 13)
with chronic lymphocytic leukemia is recorded in
Chart 4. There was a decrease in the number of
leukocytes in the peripheral blood within a few days
of therapy, followed by a slower reduction in cervi-
cal and axillary lymph node enlargement. The re-
mission lasted for three months, and was again
achieved by two subsequent courses of TEM.

Another patient (Case 14) had primitive cell
leukemia, either lymphoblastic or monoblastic in
type, with large submaxillary lymph nodes. Prompt
decrease of the leukocyte count with disappearance
of the immature cells occurred after one intramus-
cular administration of 0.5 mg. of TEM. The lymph
nodes regressed to approximately two-thirds the or-
iginal size during the next two weeks.

Other lymphomas. Two patients with myelocytic
leukemia (Cases 15 and 16) were treated with
TEM. No effects were observed on peripheral blood
counts, on bone marrow, or on splenomegaly. There
was no subjective improvement.

Two patients with generalized, advanced mycosis
fungoides (Cases 17 and 18), who were no longer
responding to the intravenous administration of
HN2, were treated with TEM. Depression of the
leukocyte and platelet counts, and temporary hypo-
plasia of the bone marrow were observed, without
clinical improvement.

Other neoplastic diseases. As indicated in Table 2,

Chart 4.—Hematologic course of a patient with chronic lymphocytic leukemia (Case 13) treated with TEM. Associ-
ated with the decrease in the leukocyte count there was reduction in the size of cervical and axillary lymph nodes.
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TaBLE 2—TEM in Patients with Neoplastic Diseases Other than Lymphomas,
Days Total Dose Effect on

Case Sex and Age Diagnosis Route* Treated Dose (mg./kg.) Tumor
19. M 54 Carcinoma nasopharynx v 3 28 0.5t None
20. M 71 Carcinoma nasopharynx 0 3 15 0.28 None

(0] 1 15 0.28 None
21. M 42 Carcinoma lung v 5 12.5 0.28 None
22. M 36 Carcinoma lung 1A 1 10.0 0.21 None
23. M 28 Carcinoma testis IM 7 49 0.10 Minimal
) M 2 1.4 0.03 None
24, M 28 Carcinoma testis v 1 9.0 0.15 None
25. F 51 - Carcinoma breast ™M 7 6.5 0.10 None
26. M 46 Carcinoma kidney v 1 10.0 0.14 None
27. . F 38 Melanoma M 3 14.0 0.25 None
28. F 48 Melanoma v - 1 11.0 0.20 None
29. M 18 Osteogenic sarcoma 1A 1 15.0 0.25 None
30. F 2 Wilms’s tumor 1A 1 2.6 0.20 Minimal$
31. M 5 Neuroblastoma 1A 1 4.0 0.25 None
32. M 26 Thymoma R’, g gg 8%5} Minimal$

* I[V—Intravenous ; IM—Intramuscular; O—Oral ; IA—Intra-arterial.

+ This dose is fatal.

% Slight decrease in size of tumor masses for few days. All patients have died.

14 additional patients received treatment with TEM.
No beneficial effects were observed. There was mini-
mal but definite decrease in the size of the neoplas-
tic mass in one patient with a teratocarcinoma of the
testis, and in one child with a Wilms’s tumor to
whom TEM was administered through a catheter
placed into the renal artery.! These effects lasted less
than one week in each patient. In one patient with
a thymoma which produced partial obstruction of
the superior vena cava, treatment with TEM was
followed by a reduction of the venous pressure from
28 to 12 cm. of water for approximately one week.

PATHOLOGY

Of the 32 patients in this series, nine of 18 pa-
tients with lymphomas, and all of 14 patients with
other neoplasms have died. Necropsy was done in
21 of the 23 cases. The pathologic observations were
similar to those in mice injected with TEM, and to
those in patients following treatment with HN2.12

The changes in the tissues were dependent upon
the dose of TEM administered and upon the time
after the course of therapy. In general the cytotoxic
effects were best noted in the bone marrow, the
spleen, and to a lesser extent in lymph nodes.

No changes specific to the drug could be identi-
fied in the bone marrow earlier than one week fol-
lowing treatment with TEM. The most pronounced
changes in the bone marrow were observed in cases
in which autopsy was done between two and five
weeks following the last course of therapy with
TEM. The extent of the changes was in proportion
to the dose of the agent. With doses of 0.25 to 0.5
mg. per kilogram of body weight there was com-
plete disappearance of the cell elements. In the mar-
row the background was composed of remnants of
supporting stroma, somewhat disrupted sinusoidal

walls and small islands of an eosinophilic-staining,
mucinous-appearing material, probably extravasated
serum. Occasional pyknotic nuclei and primitive
cells were observed in this completely aplastic mar-
row (Figure 1). Approximately seven weeks follow-
ing therapy with doses of 0.25 mg. per kilogram of
body weight the marrow was hypercellular. There
were no changes in bone trabeculae, and there was
no increase of connective tissue in the marrow.

In the spleen the changes followed a somewhat
similar pattern, the lymphocytes being specifically
involved. With doses of TEM above 0.25 mg. per
kilogram of body weight, the earliest changes were
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Figure 1.—Bone marrow of patient with epidermoid car-
cinoma of nasopharynx (Case 19), who died 11 days after
receiving TEM, 0.5 mg. per kilogram of body weight, intra-
venously. Marrow elements are represented by a few large
primitive cells in the stroma between fat cells; most of the
remaining cells are erythrocytes. Hematoxylin- and eosin-
stained. (X 320)
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manifested by focal areas of necrotic tissue involv-
ing the tissue of a few Malpighian corpuscles (Fig-
ure 2). Within three weeks there was loss of lympho-
cytes from all of these areas, so that only the central
arterioles remained. Considerable disruption of the
red pulp, probably as part of the hemorrhagic dia-
thesis, was also encountered. Later in the process
the extravasated blood apparently degenerated and
the pigment was contained within macrophages.
Fibrous tissue proliferation occurred in the area of
former lymphoid tissue. In other cases, in which
smaller doses of TEM were given, no residual
changes attributable to previous injury were ob-
served in the spleen.

A few lymph nodes not replaced by tumor tissue
were available for study. During the acute stages the
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Figure 2.—Spleen of the patient in Case 19. Only a few
lymphocytes remain of the lymphoid follicle and there is
much extravasated blood in the pulp. Hematoxylin- and
eosin-stained. (X 320)

Figure 3.—Lymph node of patient with melanoma (Case
28) who died seven days following 0.2 mg. of TEM per
kilogram of body weight, given intravenously. Lymphoid
follicles are represented by a few groups of pyknotic
lymphocytes and reticular cells form the bulk of the tissue.
A group of melanoma cells appears in the lower center.
Hematoxylin- and eosin-stained. (X 160)
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lymphoid centers disappeared, the area consisting of
the supporting stroma. Along with this there was
considerable hyperplasia of the reticulum elements,
many of these cells filling the sinusoids (Figure 3).

An interesting change was observed in one patient
with Hodgkin’s disease (Case 6) who died during
the stage of bone marrow regeneration. In the sub-
mucosa of the small bowel were masses of plasma
cells in areas usually containing many lymphocytes.
No specific changes were observed in the gastro-
intestinal tract in other cases.

In the patient who received TEM in a dose of 0.5
mg. per kilogram of body weight (Case 19), in ad-
dition to the extreme effects upon the bone marrow
and the spleen there were hemorrhages into the
pulmonary alveoli and on serosal surfaces and mu-
cous membranes. There was complete arrest of
spermatogenesis in the testes.

In many cases necrosis of the tumor was a promi-
nent feature. However, since this is also observed
at autopsy in untreated cases, it could not be
ascribed specifically to the drug. No cellular changes
could be identified, and focal areas of the type de-
scribed by Spitz!? in tumors of the lymphoma group
following therapy with nitrogen mustard, were not
observed.

DISCUSSION

The clinical results of the present investigation of
TEM are in agreement with the results reported by
other groups.® 13 Rhoads and co-workers® studied
15 patients with Hodgkin’s disease treated with
TEM given orally. Fourteen of them had improve-
ment. Two patients who had pruritus were relieved,
and high fever was controlled for up to six weeks in
two additional patients. The usual duration of im-
provement was six to 12 weeks. Objective improve-
ment was also observed in three of four patients
with myelocytic leukemia and in three of six patients
with lymphocytic leukemia, but two patients with
lymphosarcoma did not respond. One patient with
mycosis fungoides and one with plasma cell mye-
loma also did not improve.

TEM appears to be a drug of some clinical use-
fulness in the same conditions in which nitrogen
mustard is of some value: Hodgkin’s disease, lym-
phosarcoma, lymphatic leukemia and perhaps other
lymphomas. The remissions of the disease are of
short duration, and no evidence is available that the
life span is prolonged. The pharmacologic and toxi-
cologic effects of TEM are in general the same as
those of nitrogen mustard. The advantages of TEM
as compared with HN2 are as follows: (a) TEM can
be given intramuscularly and orally as well as intra-
venously, thus obviating the occasional complication
of phlebothrombosis produced by nitrogen mustard.
The oral route of administration also allows more
continual and more regularly spaced treatments than
are perhaps possible with nitrogen mustard. (b)
TEM produces much less nausea and vomiting than
does nitrogen mustard. Headache and diarrhea are
also reduced. Two patients of the present series re-
fused any further therapy with HN2 because of
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severe reactions of vomiting and headache, but were
satisfactorily continued on TEM.

There are also definite disadvantages of TEM as
compared with HN2: (a) TEM has a narrower
chemotherapeutic range than nitrogen mustard.
With TEM given parenterally, 0.5 mg. per kilogram
of body weight is fatal, and a single course should
not exceed 0.25 mg. per kilogram of body weight.
With oral administration, 0.4 mg. per kilogram of
body weight, given in daily doses of 5 to 10 mg.,
appears to be the upper level of safe dosage for a
single course of approximately one week. (b) Lym-
phocytic leukemia appears to be extremely sensitive
to TEM. The first course, given intravenously or
intramuscularly, should not exceed 0.05 mg. per
kilogram of body weight, and oral dosage should
not exceed 0.1 mg. per kilogram of body weight.
This caution is applicable not only to lymphocytic
leukemia with frank leukemic blood picture but also
to subleukemic lymphocytic leukemia and to lym-
phosarcoma with bone marrow involvement. (c)
The ease of administration of TEM, particularly
orally, and the minimal immediate reactions are
hazards as well as advantages. The severe effects on
the bone marrow and the narrow chemotherapeutic
range make imperative the closest clinical and
hematological observation for at least three weeks
following the termination of the therapy.
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